The Tyrrhenian Sea in the Mediterranean formed as the result of roll-back of the Adriatic and Ionian subducting plates. It is mostly underlain by strongly thinned continental lithosphere, but contains two small oceanic basins in the southern Tyrrhenian, the youngest one located just behind the active magmatic arc. Its regional setting with dense station coverage provides a unique opportunity to derive a high-resolution, 3-D shear-velocity model of this back-arc basin and surrounding onshore areas using interstation Rayleigh-wave dispersion measurements. Our tomographic model, extending to a depth of approximately 160 km, displays a pronounced, nearly ring-shaped low shear-velocity zone between 70 and 110 km depth which surrounds the older oceanic Vavilov Basin. The sharp velocity decrease at 70 km depth can be explained by the transition from a relatively dry lithospheric mantle to more hydrous asthenospheric mantle material. The tectonic evolution of the region and the correlation of the low-velocity anomaly with subduction-related volcanism indicate that the low-velocity anomaly reflects hydrous mantle material in (present or former) mantle wedge regions. We suggest that the absence of the low-velocity zone beneath the Vavilov Basin is due to mantle dehydration caused by the creation of MORB crust. Whereas temperature effects may dominate the asthenospheric shear-velocity differences between various back-arc basins, we find that the variations in shear-velocity structure within the Tyrrhenian area are best explained by variations in mantle water content.
Introduction
The Tyrrhenian Sea is a back-arc basin in the Mediterranean Sea which formed within the general framework of convergence of Africa and Eurasia. There is general agreement that much of the evolution of the western Mediterranean is governed by several stages of slab roll-back (e.g., Malinverno and Ryan, 1986; Dewey et al., 1989; Gueguen et al., 1998; Wortel and Spakman, 2000; Faccenna et al., 2004; Rosenbaum and Lister, 2004; Faccenna et al., 2007; Jolivet et al., 2009 ). In the first major stage, from 30 to 15 Ma, Corsica and Sardinia were separated from the European mainland by counterclockwise rotation leading to the opening of the Liguro-Provinçal and Valencia basins. The Tyrrhenian Sea was formed during the second major stage, from 15 Ma to Present. Initially it opened by east-west rifting, driven by the Adriatic slab, along the western margin of Corsica and Sardinia. The northern Tyrrhenian Sea, roughly corresponding to latitudes larger than 41 • N, opened at a relatively , dark pink (4-2 Ma) and light pink (2-0 Ma); Intraplate in blue (14 Ma), lighter blue (4-2 Ma) and light blue (2-0 Ma). Samples from deep drill holes with MORB (4-3 Ma) and arc-like basalt (2-0 Ma) are depicted in green and combined green/pink, respectively. Brown circles indicate seismicity. Sources for volcanism are Savelli (2002) , Peccerillo (2005) and Lustrino et al. (2011) . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) (for an overview see Peccerillo, 2005) . The subduction-related volcanism in the northern Tyrrhenian Sea shows an eastward age decrease which can be related to roll-back of the Adriatic plate in an eastward direction. The geochemical signature of recent potassiumrich volcanism in central Italy is associated with past subduction of the continental Adriatric slab. In large parts of peninsular Italy, volcanic activity postdates the timing of subduction or metasomatism, and may have been initiated by later changes in mantle conditions, possibly caused by slab detachment and the subsequent opening of a slab window (Bianchini et al., 2008; Rosenbaum et al., 2008; Nikogosian and Van Bergen, 2010) . On the other hand, the current, mostly calc-alkaline, volcanism of the Aeolian arc is associated with active subduction of the oceanic Ionian plate.
In the southern Tyrrhenian Sea, intraplate volcanism as well as mid-ocean ridge basalts (MORBs) recovered from two deep ocean drill holes in the oceanic Vavilov Basin are not directly associated with subduction. Instead, they are likely generated by extension in a back-arc setting, producing upwelling and decompression melting of mantle material.
In spite of the fact that the Tyrrhenian Sea is an extensively studied area, much of the upper mantle seismic structure beneath the Tyrrhenian Sea is still poorly resolved. The station distribution on land inhibits proper illumination of the shallow Tyrrhenian mantle by tomographic studies that use teleseismic P-and S-wave arrival times (e.g., Lucente et al., 1999; Piromallo and Morelli, 2003; Spakman and Wortel, 2004; Di Stefano et al., 2009; Giacomuzzi et al., 2011 Giacomuzzi et al., , 2012 . Studies using surface waves (Panza et al., 2007; Schivardi and Morelli, 2011) or waveform modelling (Schmid et al., 2008; Zhu et al., 2012) , on the other hand, suffer from large source-receiver distances with additional sensitivity outside the area of interest. In this study we therefore used the two-station method to reduce the surface wave propagation effects from the event to the most nearby station.
We measured interstation Rayleigh-wave phase velocities, which were inverted to model the upper-mantle (< 200 km) shear-velocity structure. Linking the seismic model to the volcanics and tectonic evolution of the region, we infer that subductioninduced mantle hydration, as well as mantle dehydration caused by extension and the formation of new oceanic crust, have been instrumental for the present state and composition of the Tyrrhenian upper mantle.
Data and interstation phase-velocity measurements
We used the two-station method as developed by Meier et al. (2004) to determine the upper-mantle shear-velocity structure beneath the Tyrrhenian Sea. The two-station method is a technique to determine the surface-wave phase velocity between two stations by cross-correlation. In case of an event located along a great circle connecting two recording stations, it assumes that the phase difference between the stations is mainly caused by the structure along the interstation path (De Vos et al., 2013) . Compared to the more commonly used source-receiver geometries, surface wave interstation measurements often have the advantage of a closer spacing, providing a higher lateral resolution.
The two-station method relies on event-station constellations which provide a good path coverage of the study region and good azimuthal coverage to decrease finite frequency effects. Thus, we examined data from teleseismic and regional earthquakes recorded at 386 stations over a period of more than a decade (07/1995-06/2009 ). The chosen stations are part of temporary (CATSCAN, MIDSEA, RETREAT) and permanent (MEDNET, Italian National Seismic Network, French BB, GEOFON, IMS) networks in Italy, southern France, Corsica and Tunisia. All seismographs are corrected for instrument response and downsampled to 1 s before phase velocities are measured.
We measured interstation phase velocities of fundamentalmode Rayleigh waves from the phase of the cross-correlation function of two vertical component seismograms for events taken within 7 • of the interstation azimuth. The cross-correlation function is filtered with a set of frequency-dependent Gaussian bandpass filters and windowed in the time domain to suppress effects from other signals. To avoid multiple-cycle ambiguities each curve is individually picked by comparing to a reference phasevelocity curve. Only smooth segments of the phase-velocity curves are selected, to avoid irregularities which could be artifacts from finite-frequency effects. For each interstation path, the measured dispersion curves were averaged to obtain the final path-averaged fundamental-mode phase-velocity curve. Using events from different directions and distances helps to minimize effects from non-plane waves and off-great-circle paths. Measurements were discarded if the dispersion curves from events from opposite directions were inconsistent. Finally, some dispersion curves, which appeared to deviate from the general trend and which are potentially related to multipathing, were also excluded. In the final data set the number of event dispersion curves contributing to a single interstation curve is on average 14, ranging from 4, for only a few paths with very coherent dispersion curves, to 97. The applied extensive and thorough data selection assured a high quality and reliable data set as base for the tomographic inversion and the influence of non-plane waves and uncorrelated noise on the final dispersion curves is considered small (see also Pedersen, 2006) . The final data set consists of up to 127 interstation paths from 77 stations (Fig. 2) , although the actual number of interstation measurements per frequency may be lower (for a figure of the number of data per frequency, see supplementary material).
Construction of phase-velocity maps
To construct the phase-velocity maps for various periods, we inverted the interstation phase-velocity data on a triangular grid of 200 nodes with a spacing of about 70 km. The inversions were performed using LSQR (Paige and Saunders, 1982) with smoothing and damping parameters large enough not to overinterpret the data and small enough not to miss important stable structural details. Stability of the inversion results was verified by the small sensitivity of the phase-velocity maps to small variations of the regularization parameters, as well as a good recovery of predefined input patterns. Furthermore, resolution matrices were calculated to assess trade-offs or lateral smearing from one node to its neighbours. Further details on resolution are given below. The regularization parameters were taken the same for the phase-velocity maps of all periods to avoid changes in resolution due to variations in regularization.
We computed phase-velocity maps at 19 periods from 10 to 200 s. The period range with good data coverage and resolution spans 25-130 s, which is broad enough to image structure from the middle crust to the upper asthenosphere. Fig. 3 shows examples for periods of 25, 50, 80 and 130 s. For a period of 25 s the imaged features largely correspond to variations in the crustal structure of the region. The most obvious feature is the sharp contrast along the coastline of the Italian peninsula which reflects the increase in crustal thickness from the Tyrrhenian Sea to the Italian mainland. At a period of 50 s the distinction between oceanic and continental areas disappears and the magnitudes of phase-velocity anomalies become smaller. Low-velocity regions are found below the western coast of mainland northern Italy, for an area in central Italy, Corsica and the northern tip of Sicily. A distinct high-velocity area defines the central Tyrrhenian Sea. The 80 s phase-velocity map shows an extended low-velocity region covering most of the Tyrrhenian Sea as well as Corsica, Sardinia, Northern Apennines and Sicily. In the 130 s phase-velocity map this low-velocity region even extends further southeast in the Tyrrhenian Sea.
Resolution matrices were calculated to estimate the robustness of our phase-velocity maps (see supplementary material). The diagonal elements in the resolution matrix provide a measure of the amount of recovery, or resolution, at each of the nodes, whereas the non-diagonal elements provide a measure of the amount of lateral smearing. For the results shown here, we consider a value of 0.3 or higher on the diagonal as high resolution (areas within green contour in Figs. 3 and 4) . In general, one to two nodes are affected by smearing, corresponding to a distance of 70-140 km.
To illustrate the robustness of the results in a more intuitive way, we performed resolution tests by inverting a synthetic model using the same data coverage and regularization parameters. The synthetic model consists of circular low-velocity anomalies (−2.55%) embedded in a high-velocity environment (+2.55%) (Fig. 4e) . The results from this resolution test are shown in Figs. 4a-d. In general, the areas of good resolution as determined from the resolution matrix correspond to areas where the input perturbation patterns are recovered in shape. The amplitudes are only recovered by roughly 50% (the central anomaly by 67%). Outside these areas, the circular shapes of the anomalies smear out and the recovery of structures diminishes.
Shear-velocity inversion
Phase-velocity maps (Fig. 4) provide the local Rayleigh phasevelocity dispersion curve for each geographical grid point of the map. Each of these dispersion curves is inverted individually for 1D shear-velocity structure at the grid point. The 1D velocity profiles are then combined to create a 3D shear-velocity model. The inversion is performed by means of a damped iterative linearised optimisation. In the inversion P-wave velocity and density are kept in a constant ratio to the shear-wave velocity as Rayleigh-wave phase velocity is mainly sensitive to shear-wave velocity.
As the phase-velocity sensitivity for periods of 10 s or more (as used in our study) is insufficient to well resolve crustal structure, the starting model should already contain reliable crustal thicknesses. We used the EPcrust model from Molinari and Morelli (2011) for the crustal structure which is based on a comprehensive compilation of previous crustal models. This is supplemented by the AK135 model (Kennett et al., 1995) for the deeper mantle sections. The parameterisation of the model space consists of 20 basis functions (14 layers spanning the crust and mantle to 210 km, and 6 wider and deeper triangular basis functions) to describe the shear-wave velocity structure down to 1000 km. The inversion for the deeper structures is included to avoid leakage from (otherwise fixed) deeper structures into the shallow structure. In addition, three parameters allow the inversion for depth perturbations of Moho, 410-km and 660-km discontinuities. Fig. 5 shows the crustal thickness and the shear-velocity anomaly with respect to reference model AK135 from 40 to 160 km depth. In this depth range this reference model has a nearly constant, only slightly increasing, shear velocity of approximately 4.5 km/s. The shear-velocity model is not shown for larger depths because of reduced depth resolution of our data. The results of the inversion regain the Moho depth of the initial starting model with some expected smoothing, but with a sufficient accuracy (Fig. 5, top panel) . At 40 km, a few strong low-velocity anomalies appear in the shear-velocity map. In these areas crustal thickness exceeds 40 km, so that the crustal velocities show up as pronounced anomalies compared to the prevailing mantle velocities at this depth. At 50 and 60 km depth, the shear-velocity structure becomes more uniform and shows few variations. However, a faint pattern is apparent at these depths and develops into the most striking observation in the velocity structure at 80 km depth. A strong nearly ring-shaped low-velocity region covers the arc region of the Calabrian and Ionian subduction, the island of Corsica and the onshore parts of northern Italy. Going deeper to 120 km, this pattern fades out and nearly reverses at 160 km depth, where the lowest velocities are found beneath central Tyrrhenian Sea and offshore Sardinia. The more homogeneous velocity structure can be partly due to lack of resolution at greater depths. Furthermore, the resolution in the area of Sardinia and its southeastern extension is insufficient due to the poor path coverage (see Figs. 2 and 4) .
To confirm the stability of the inversion results, tests were performed with a variety of different inversion parameters. The starting model may have an influence on the final velocity model, and, in particular, the crustal structure of the starting model may affect the underlying mantle structure. Thus, for one set of tests we modified the starting models. We implemented a minor change by adjusting the crustal structure to EuCRUST-07 (Tesauro et al., 2008 ), but we also defined a constant oceanic or continental velocity profile for each grid point, and finally we changed the value of the constant mantle velocity. For all of these tests, the nearly ring-shaped anomaly remained the dominant feature, although the resolution of the Moho diminished. In additional tests the Moho depth was fixed, and less basis functions were used to parameterise the model space. Also, for these tests the nearly ring-shaped anomaly could still be identified but with some loss of depth resolution. Fig. 6 shows two shear velocity profiles to illustrate the depth dependence, one for a grid point in the northern Tyrrhenian close to the Italian mainland and another one for a grid point in the Vavilov Basin. The velocity profile for the Vavilov Basin has a near-constant mantle velocity of around 4.4 km/s whereas the northern Tyrrhenian Sea shows a velocity decrease at around 60 km depth. The velocity decrease at other points can more pronounced, for instance decreasing to 4.1 km/s in the northern Tyrrhenian east of Sardinia. The low-velocity anomaly at 80 km, which more or less surrounds the centre of Tyrrhenian Sea, was not anticipated on the basis of a simple geodynamic model of lithospheric extension caused by rollback. For such a scenario, a shear-velocity model with the lowest velocities would be expected in the region of largest extension (the central Tyrrhenian Sea) due to asthenospheric upwelling. Previous seismic studies, however, are in agreement with our results. The results of the study by Marone et al. (2004) for the Mediterranean have less resolution, but show a similar pattern. Furthermore, for the Tyrrhenian Sea there is good agreement with the study by Zhu et al. (2012) who performed a waveform inversion of frequency dependent body and surface waves for the entire European upper mantle using an adjoint tomographic technique. The agreement with the surface wave study of Panza et al. (2007) is not so good at a few locations, but it is somewhat difficult to compare their results to our model because of their cellular representation.
A comparison with tomographic studies of P-or S-wave travel times is not straightforward due to the differences in illumination. Given the station distribution on land, tomographic travel- time studies better image the subducting slabs than this study, while lacking resolution in the shallow part of the upper mantle of Tyrrhenian Sea. Furthermore, in general, the body wave studies have a better lateral resolution, whereas the surface-wave studies have a better vertical resolution in the uppermost mantle. Despite these differences, there is a fairly good agreement in terms of the location of the broad-scale slow and fast anomalies between our study and the S-wave tomographic study by Giacomuzzi et al. (2012) for the Italian mainland, and an even better qualitative agreement with the P-wave tomographic results of Piromallo and Morelli (2003) and Spakman and Wortel (2004) . 
Interpretation
The shear-velocity model of the Tyrrhenian Sea area shows strong lateral variations in the upper mantle that are related to its complex tectonic history. The most striking feature is the nearly ring-shaped pronounced low-velocity anomaly over a depth range from roughly 70 to 110 km with minimum shear velocity at approximately 80 km. In order to address the nature and origin of this low-velocity anomaly, we must explain both the vertical extent of the anomaly as well as its pattern.
Although a low-velocity zone with a minimum shear-velocity of 4.1 km/s as found here does not necessarily require the presence of melts or fluids (Stixrude and Lithgow-Bertelloni, 2005; Faul and Jackson, 2005) , models without fluids or melts cannot explain the sharp velocity decrease at 70 km. A strong velocity decrease at similar depths is often observed in oceanic regions and is generally interpreted as the lithosphere-asthenosphere boundary (e.g., Rychert and Shearer, 2009; Fischer et al., 2010; Schmerr, 2012) . Oceanic thermal models combined with mineral physics data have shown that the transition from a dry, chemically depleted lithosphere to a hydrated, fertile asthenosphere may be able to produce a quite sharp velocity decrease around the depth where dry melting starts, at approximately 60-70 km (Karato and Jung, 1998; Karato, 2012; Goes et al., 2012) . Since water decreases the melting temperature, there could be an additional effect of partial melt, although melt concentrations at these depths are expected to be very small and may not be seismically detectable (e.g., Hirschmann, 2010; Goes et al., 2012) .
The Tyrrhenian asthenospheric mantle likely contains water due to past subduction. In the mantle wedge, hydrous fluids are produced by the break-down of minerals carried down by the subduction of the Adriatic and Ionian slabs. Rather than remaining a local effect, slab roll-back in the last 14 Ma may have generated a hydrous mantle zone beneath most of the Tyrrhenian Sea.
Intuitively, one might expect a correlation between the volcanism of the past 14 Ma and the pattern of the low-velocity anomaly at 80 km, but such a correlation is not obvious (Fig. 7) . However, by zooming in on the different regions of the area and considering the tectonic evolution and variations in magmatism, a coherent picture emerges.
The first region (region 1 in Fig. 7 ) corresponds to the area along the western part of the central Italy peninsula with recent (< 1 Ma) subduction-related volcanism. Although there are compositional differences between the volcanic rocks in this region, their geochemical signatures suggest that they are all generated by partial melting of a lherzolitic mantle metasomatized by various slab components, including H 2 O and CO 2 (Peccerillo, 2005; De Astis et al., 2006; Avanzinelli et al., 2009; Frezotti et al., 2009 ). The low-velocity anomaly therefore likely corresponds to mantle wedge material with fluids and possibly small amounts of melt. However, the timing of magmatic activity (< 1 Ma) in central Italy is not directly linked to subduction of the Adriatic plate which halted at approximately 4 Ma (Goes et al., 2004; Faccenna et al., 2004; Carminati et al., 2010) . Based on tomographic evidence showing discontinuity of the Adriatic slab (Lucente et al., 1999; Piromallo and Morelli, 2003; Spakman and Wortel, 2004; Giacomuzzi et al., 2011 Giacomuzzi et al., , 2012 , several studies have suggested that volcanism was triggered by slab tearing or break-off (De Astis et al., 2006; Bianchini et al., 2008; Rosenbaum et al., 2008; Nikogosian and Van Bergen, 2010) . It is therefore likely that the magmatism in central Italy was initiated by a dynamic cause, such as slab detachment or tearing, which changed the mantle conditions thus allowing previously hydrated mantle to melt.
The northern Tyrrhenian Sea (region 2 in Fig. 7 ) is an area with clear and pronounced low velocities at 80 km depth. It is also the region of slow (1-1.5 cm/yr) extension due to eastward retreat of the Adriatic slab from 15 to 5 Ma as evidenced by the decreasing age of the subduction-related volcanism from the northern tip of Corsica to Tuscany (Civetta et al., 1978) . Low velocities in the 70 to 110 km depth range are expected beneath the northern Tyrrhenian Sea as a consequence of past subduction and slab retreat which produced a mantle enriched in water and other subduction-related components. Note that the lowest shear velocities are found in the area without volcanism. We interpret the very low velocities in region 2 as the expression of subduction-enriched mantle that has not been depleted by melting during the last 5 Myr. The somewhat higher shear velocities around the northern margin of region 2 may, speculatively, be explained by the volcanism in that area, which may have decreased the amount of water and melt.
The distinct low-velocity zone is most notably absent beneath the Vavilov Basin, the region of largest extension of the Tyrrhenian Sea (region 3 of Fig. 7) . Here velocities are close to that of reference mantle velocities. Assuming that upwelling caused by extension would produce low seismic velocities by generating decompressional melt, this result may seem paradoxical. However, we argue that the observed shear-velocity pattern of the southern Tyrrhenian Sea matches the evolution of this back-arc basin and its magmatism. Contrary to the northern Tyrrhenian Sea, where extension was accommodated by crustal thinning, the opening of the southern Tyrrhenian Sea was accompanied by oceanic basin formation during two phases of rapid trench retreat (Argnani and Savelli, 1999; Trua et al., 2007; Ventura et al., 2013) . During the first period of rapid extension, from 8 to 4 Ma, the Vavilov Basin was created, and after a period of quiescence the Marsili Basin opened between 2 and 1 Ma. Both basins were formed as a consequence of slab retreat, but there is a distinct difference in their crustal composition. Whereas the Vavilov Basin has an (enriched) MORB-like crust, the basaltic crust of the Marsili Basin has a more arc-type affinity (Trua et al., 2007) . Although the southern Tyrrhenian supra-slab mantle must have been enriched in water by slab dehydration, the concentration of fluids will have been lower than for the northern Tyrrhenian Sea due to the fast roll-back during the first period of extension, causing a larger influx of mantle material not affected by subduction. A second, probably more important, aspect is that the high degree of melting that produced the MORB crust of Vavilov must have effectively extracted any water out of its mantle source. Thus the mantle below the Vavilov Basin quickly dried out during the formation of its oceanic crust, while fast slab rollback precluded rehydration, leaving a higher-velocity asthenosphere. As a result of these two aspects, a less hydrous mantle is expected below the Vavilov Basin compared to the surrounding areas. We therefore suggest that the relatively normal shear velocity at a depth of 80 km reflects a relatively dry Tyrrhenian mantle.
The episode of rapid extension and Vavilov Basin formation was followed by a period without significant roll-back during Pliocene (5-2 Ma). During this period a submerged arc was formed around the Vavilov Basin which produced calc-alkaline volcanism from offshore Italy, to the northwestern tip of Sicily (Argnani and Savelli, 1999) . This arc now separates the Marsili and Vavilov Basins and can be identified by a higher elevation and larger Moho depth compared to these basins. Notably, its location matches the region of low velocities from the Italian mainland to Sicily (region 4 in Fig. 7) . It is therefore likely that this low-velocity anomaly represents the hydrous mantle wedge of this former subductionrelated arc.
The Ionian slab further retreated during the second episode of slab-roll back in the southern Tyrrhenian (2-1 Ma), opening the Marsili Basin. The crust of the Marsili Basin is also tholeiitic, however with a stronger arc signature. Ventura et al. (2013) explain the arc-like composition of the Marsili crust and the magmatism of the more recent Marsili Seamount (< 1 Ma) by its location above this former mantle wedge region.
Finally, we note that the area of relatively high velocity north of Corsica, around 43.5 • N, 9 • E, corresponds to a site of basaltic volcanism related to the opening of the northeastern tip of the Liguro-Provençal Basin 18 Myr ago, as listed by Savelli (2002) . Similar to the Vavilov Basin in the Tyrrhenian Sea, this may have been a site of mantle dehydration in the Liguro-Provençal Basin which opened prior to the Tyrrhenian Sea.
In summary, we find that water content is an important factor controlling the shear velocity of the Tyrrhenian Sea in the 70-110 km depth range. Recent mineral physics models that incorporate the effects of hydration-dependent anelastic relaxation predict a sharp drop in shear velocity by the transition from a relatively dry lithosphere to a hydrated asthenosphere (Karato, 2012; Goes et al., 2012; Olugboji et al., 2013) , which resembles what we observe for the low-velocity zone of our tomographic model. Such models show that lateral variations in shear velocity of the magnitude we find can be reproduced with reasonable variations in water content (on the order of 500-1000 H/10 6 Si, Goes et al., 2012) . Combining this with the tectonic evolution, we conclude that the lateral variations in shallow-mantle shear velocities below the Tyrrhenian region are the expression of hydration by subduction (regions 1, 2 and 4 in Fig. 7 ) and dehydration by decompressional melting (region 3).
The Tyrrhenian Sea and other back-arc basins
Comparison of our results to those for other back-arcs shows some notable similarities and differences. Wiens et al. (2006) determined the average shear-velocity structure of four back-arc basins by waveform modelling using local events. Contrary to our interpretation for the Tyrrhenian Sea region, these authors attribute variations in seismic structure between the basins to variations in mantle potential temperature. Their four 1-D models all show a low-velocity zone with minimum shear velocity at approximately 80 km with minimum values varying from 3.85 (Lau Basin) to 4.15 km/s (Mariana Trough). The increase in minimum velocity from Lau to Fiji to Scotia to Marianas correlates well with increasing mantle temperatures inferred from petrology and basin depth. They rule out variations in water content as an explanation for the inter basin velocity variations because the petrologically inferred water contents increase, rather than decrease, with increasing minimum shear velocity. We note that higher potential temperature means higher melt productivity, which besides generating a larger magmatic crustal thickness that leads to shallower basin depth, would also result in stronger dehydration of the mantle source, which can explain the anti-correlation between temperature and water content found by Wiens et al. (2006) . Both temperature and water content may contribute to the velocity structure beneath the four basins studied by Wiens et al. (2006) , but variations in temperature apparently dominate the differences between them. In terms of minimum velocity values, the Tyrrhenian shear velocities are most similar to those below the Marianas, where background temperature was inferred to be close to normal MORBsource potential temperature (Wiens et al., 2006) , while the other back arcs were all found to be relatively hot.
Conclusion
From interstation Rayleigh-wave phase-velocity measurements we constructed a shear-velocity model for the Tyrrhenian Sea region to a depth of about 200 km. Knowledge about the shearvelocity structure is important to understand the mantle processes that accompanied the opening of this back-arc basin. Our shear-velocity model shows a low-velocity zone in the 70 to 110 km depth range surrounding the Vavilov Basin in the southern Tyrrhenian Sea. The low-velocity anomaly is found in, but not only confined to, mantle wedge regions that are characterized by subduction-related volcanism. The geochemical signature of this magmatism provides evidence for the presence of water in their mantle sources. The sharp velocity decrease at 70 km further points to the transition from a relatively dry lithosphere to a more hydrous asthenospheric lower velocity mantle, similar to oceanic settings.
The low-velocity zone is most clearly present beneath the northern Tyrrhenian Sea with a minimum shear velocity of 4.1 km/s at 80 km depth. The northern Tyrrhenian Sea is formed by thinning of its underlying, continental, lithosphere due to rollback of the Adriatic slab. Whereas slab dehydration and slab retreat must have produced a locally hydrous mantle, most of the region is not characterized by widespread magmatism. Despite the presence of water, the extension apparently did not sufficiently thin the lithosphere to lead to mantle melting and/or to allow any melt produced to reach the surface, except for at a few locations during the opening of the northern Tyrrhenian Sea.
An intriguing aspect of our model is the absence of the lowvelocity zone beneath the Vavilov Basin in the southern Tyrrhenian Sea. This oceanic basin was created by strong extension during a period of fast roll-back of the Ionian slab. Whereas decompressional melting due to upwelling might be expected to produce a low shear-velocity anomaly during basin formation, the observation of a relatively high velocity anomaly compared to the surrounding areas suggests an alternative present situation: that of a locally less hydrous mantle. A relatively dry mantle is expected when roll-back occurs fast, because of the large influx of mantle material not affected by subduction. Moreover, extensive melting and the production of the MORB crust will have further dehydrated the underlying mantle during the opening of the basin.
Most of the lateral variations in shear velocity in the 70 to 110 km depth range beneath the Tyrrhenian Sea can therefore be explained by variations in water content. Temperature may also play a role, but the relatively high shear velocity values of the low velocity zone indicate that it may have a smaller effect when compared to other back-arc basins.
